Decay-accelerating factor (DAF/CD55) is a glycosylphosphatidylinositol-anchored protein which is known to have signal transducing capacity and to be associated with several proteins. To determine the signal transducer in the DAF-forming complex, we purified DAF-associated proteins from Raji B cells using an anti-DAF mAb ( 
Introduction
Decay-accelerating factor (DAF/CD55) is a glycosylphosphatidylinositol (GPI)-anchored complement regulatory factor which acts on C3 convertase in both the classical and alternative complement pathways. CD59 is a GPI-anchored, complement regulatory factor which inhibits membrane attack complex formation. It has been shown that both DAF and CD59 have signal transduction capacity (1, 2) . In recent years, there have been many reports demonstrating that GPIanchored proteins of this type act as signal transducers in a variety of cells (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . However, it has been unclear as to how these molecules can transduce signals into cells in view of their lack of a cytoplasmic domain. It is known that GPIanchored proteins form large complexes (18) . To date, two mechanisms for signal transduction have been proposed. By one mechanism, GPI-anchored proteins are degraded and enter the cytoplasm without the involvement of a transmemCorrespondence to: T. Fujita Transmitting editor: K. Sugamura Received 9 October 1997, accepted 25 December 1997 brane-spanning protein. A second explanation is that there is certain type of transmembrane protein which may associate with GPI-anchored proteins and that it is this former protein which transmits signals to cytoplasmic molecules. Stefanova et al. reported that several GPI-anchored proteins are associated with proteins which can be phosphorylated by mAb to the former (12) . It has also been shown that the src family of protein tyrosine kinases (lck, fyn and lyn) is involved in phosphorylation (12, 14, 18, 19) . These reports suggest that GPI-anchored proteins facilitate signal transduction by linking to members of this family of kinases. However, it is still unclear whether a transmembrane type of signal transducer is involved in this pathway. Recently, several proteins were shown to be associated with GPI-anchored proteins (20) (21) (22) (23) ; these are lipopolysaccharide receptor (CD14), Fcγ receptor type III β (CD16), urokinase plasminogen activator receptor (CD87) and Thy-1, which are associated with CD11c/ CD18 (20) , CD11b (21), CD18 (22) and p100 (23) respectively. In addition, CD87 was reported to be localized in caveolae since caveolin was detected in a large complex of CD87 (24) . Caveolin is a transmembrane glycoprotein specific to caveolae and is a v-src substrate for tyrosine phosphorylation. It was subsequently shown that caveolin is identical to a vesicular integral membrane protein of 21 kDa termed VIP21 (25) . Sizes of the two caveolin isoforms (α and β forms) are 22 and 24 kDa respectively. It has been suggested that caveolin is associated with GPI-anchored proteins as well as with kinases such as c-yes and G proteins, and that it transduces signals from GPI-anchored proteins to downstream molecules (26) .
It is interesting that when exogenous GPI-anchored protein CD59 is incorporated, it associates with kinases over a comparatively long incubation period and acquires signaling capacity (27). This report suggests that the signaling ability of GPI-anchored proteins in certain cells is not dependent on differences in these proteins themselves, but on the involvement of other complex-forming proteins. One of the most important of these proteins might be a transmembrane type of signal transducer.
In the present study, we hypothesized that a transmembrane protein which is associated with GPI-anchored proteins carries the signal to cytoplasmic signal mediators and selected DAF as a model for investigating this phenomenon. We therefore established mAb against DAF-associated proteins and determined whether DAF associates with a transmembrane type of protein to transduce a signal into a cell. We then characterized one of these mAb, 2E12-G7, as well as its antigen.
Methods

Reagents
S-NHS-biotin and FITC (isomer-1) were purchased from Pierce (Rockford, IL) and Wako (Osaka, Japan) respectively. Pefabloc, a serine protease inhibitor, was obtained from Pentapharm (Basel, Switzerland).
Cell lines and leukocyte preparation
Raji and Bjab as B cell lines, MT-2, Jurkat and Molt3 T cell lines, and U937 and THP-1 promyelomonocytic lines, and KU812F a basophilic line were obtained from the Cancer Cell Repository, Tohoku University, Japan. JYm21.2 is a mutant cell line generated from a B lymphoblastoid cell line JY (a kind gift of Dr Kinoshita, Osaka University). Cells were grown in RPMI1640 supplemented with 10% FCS, 100 µg /ml streptomycin and 100 U/ml of penicillin.
Peripheral blood mononuclear cells (PBMC) from normal volunteers were prepared by centrifugation with Ficoll-Conray. In brief, heparinized whole blood was centrifuged at 500 g for 10 min, and after removal of plasma, an equal volume of PBS was added and mixed well. The suspension was layered onto Ficoll-Conray and centrifuged at 300 g for 30 min. Mononuclear cells were harvested, and furthermore, to remove contaminating erythrocytes, the cells were treated with 0.83% NH 4 Cl solution at 37°C for 20 min. After centrifugation at 300 g for 10 min and washing, non-lysed cells were harvested as PBMC.
Antibodies
Anti-DAF mAb IgG1/κ (1C6), control mAb IgG1/κ (401) and control mAb IgM/κ (Ko) were prepared in our Laboratory. Anti-CD59 mAb IgG1 (1F5) was a kind gift of Dr H. Okada (Nagoya City University, Japan). Anti-phosphotyrosine IgG2b (PY20) was purchased from Signal Transduction Laboratories (Lexington, KY). Anti-human CD3 IgG1 (UCHT-1), the F(abЈ) 2 fragment of R-phycoerythrin (PE)-conjugated anti-human CD14 IgG2a (TÜ K4), anti-human CD19 IgG1 (HD37), the F(abЈ) 2 fragment of FITC-conjugated rabbit anti-mouse Ig, PEconjugated streptavidin, biotinylated rabbit Ig anti-mouse Ig and horseradish peroxidase (HRP)-conjugated anti-mouse Ig were obtained from Dako (Glostrup, Denmark). The F(abЈ) 2 fragment of goat anti-mouse IgG ϩ IgM (H ϩ L) was obtained from Jackson Immunoresearch (West Grove, PA).
Preparation of FITC-conjugated 2E12-G7
One milliliter of 2 mg/ml 2E12-G7 was dialyzed against 0.1 M NaHCO 3 buffer, pH 8.3, mixed with 50 µl of 10 mg/ml FITC (isomer-1) and incubated at 4°C overnight. Unreacted FITC was removed by chromatography on a PD-10 column. The F/ P molar ratio of the preparation was 2.7.
1C6 F(abЈ) 2 fragment preparation 1C6 (10 mg) was dialyzed against 100 mM sodium acetate buffer, pH 4.5, containing 3 mM EDTA. The dialyzed 1C6 (10 mg) was incubated with 0.5 mg of pre-activated papain at 37°C for 6 h and iodoacetamide powder was added to produce a final concentration of 30 mM. The digested 1C6 was dialyzed against 10 mM Tris-HCl, pH 8.0, containing 25 mM NaCl, and the F(abЈ) 2 fragment of 1C6 was purified by DEAE-Toyopearl 650S (Tosoh, Tokyo, Japan) column chromatography. For stimulation tests, the solvent was exchanged for PBS by PD-10 column chromatography.
Isolation of DAF-associated proteins and establishment of mAb against them Raji cells (2ϫ10 10 ) were suspended in 200 ml of 10 mM TrisHCl, pH 7.4, containing 150 mM NaCl, 10 µg/ml leupeptin, 1 µg/ml pepstatin, 20 µg/ml soy bean inhibitor, 50 U/ml aprotinin, 10 µM p-amidinophenyl phenylmethylsulfonyl fluoride and 1 mM sodium vanadate (Tris-inhibitor buffer), and disrupted by N 2 cavitation at 25 kg/cm 2 . Nuclei and debris were removed by centrifugation at 300 g for 10 min. The membrane fraction was harvested from the supernatant by centrifugation at 90,000 g for 1 h, and lysed with 10 mM Tris-HCl, pH 8.0, containing 1% NP-40, 150 mM NaCl, 10 µg/ml leupeptin, 1 µg/ml pepstatin, 20 µg/ml soy bean trypsin inhibitor, 50 U/ ml aprotinin, 10 µM p-amidinophenyl phenylmethylsulfonyl fluoride and 1 mM sodium vanadate (lysis buffer). DAFassociated proteins were prepared from the lysates by affinity chromatography on anti-DAF 1C6-coupled beads and 70-100 kDa associated proteins were fractionated by means of preparative SDS-PAGE (Model 491 Prep Cell; BioRad, Richmond, CA) under non-reducing conditions. The obtained proteins together with polyadenylic-polyuridylic acid (Sigma, St Louis, MO) were injected directly into mouse spleen and spleen cells were fused with a murine myeloma line, NS-1, 3 days after boosting. Following screening with crude Raji cell membrane lysates by immunoblotting, five clones (2E12-G7, 3H6, 5B10, 6E5 and 10E9) were obtained, all of which were of the IgM/κ isotype. Among these clones, 2E12-G7 reacted well with intact Raji cell membranes as shown by flow cytometry ( Fig. 1) . We confirmed that 2E12-G7 did not cross-react with isolated DAF molecules. 2E12-G7 ascites were harvested by injecting the hybridoma into pristane-treated BALB/c mice. The IgM fraction (2E12-G7) was precipitated by adding an equal volume of saturated (NH 4 ) 2 SO 4 solution and further purified by affinity chromatography on a protamine column (NGK Insulators, Handa, DD, Japan). The isotype was determined using mouse mAb isotyping kit (Amersham International, Amersham, UK).
Partial purification of 2E12-G7 antigen Cells (10 9 ) were suspended in 10 ml of Tris-inhibitor buffer and stored at -80°C until use. β-Octylglucoside (β-octylpyranoside) was added to the cell suspension to become a final 1% concentration. The cell suspension was mixed well by vortex stirring, incubated on ice for 30 min with occasional stirring and centrifuged at 100,000 g for 30 min. The supernatant/lysate was dialyzed against 10 mM Tris-HCl, pH 8.0, containing 25 mM NaCl, 100 µM Pefabloc, and 0.2% CHAPS (Buffer A). The dialyzed lysate was applied to a DEAEToyopearl 650S column (1.5ϫ15 cm; Tosoh, Tokyo, Japan) pre-equilibrated with Buffer A and 2E12-G7 antigen was eluted with an NaCl gradient of 200-250 mM. For further purification, the 2E12-G7 antigen-enriched pool was applied to a Super Q Toyopearl column (1.0 ϫ15 cm; Tosoh) preequilibrated with Buffer A and eluted with an NaCl gradient of 200-220 mM. The partially purified antigen was submitted to immunoblotting analysis as follows. Antigen was electrophoresed on a 10% SDS polyacrylamide gel and transferred to an Immobilon-P membrane. The blots were incubated in skim milk at room temperature for 2 h and then in 2E12-G7 or Ko (control IgM) at 4°C overnight. After washing with PBS containing 0.1% Tween (PBS-Tween), the blots were incubated in biotinylated anti-mouse IgM (Vector, Burlingame, CA) at room temperature for 1.5 h, washed with PBS-Tween, incubated in a 1:150 dilution of avidin-biotin-peroxidase complex (Vectastain ABC; Vector) in PBS-Tween, and washed with PBS-Tween and PBS. Peroxidase activity was visualized with a solution of diaminobenzidine tetrahydrochloride (Wako) and hydrogen peroxide for 5 min at room temperature.
Cytofluorimetric analysis
For single staining, 10 6 cells were incubated with 20 µl of 100 µg/ml mAb on ice for 30 min. After washing, the F(abЈ) 2 fragment of FITC-conjugated anti-mouse Ig (20 times diluted) was added, and after 30 min, the cells were washed with PBS. For double staining, 10 6 cells were first incubated on ice for 30 min with 20 µl of 100 µg/ml of PE-conjugated anti-CD14. After washing with cold PBS, PE-conjugated anti-CD14-stained cells were finally incubated with FITC-conjugated 2E12-G7 and were then analyzed by flow cytometry with a FACScan cytometer (Becton Dickinson, Mountain View, CA).
Immunoprecipitation and immunoblotting
Cells (10 7 ) were lysed by vortex mixing with 1 ml of lysis buffer. After incubation on ice for 1 h, insoluble materials were removed by centrifugation at 14,000 g for 20 min. The lysate was allowed to react with 1C6 (or 401, 2E12-G7) at 4°C overnight, and immunoprecipitated by rotating with Protein G beads or anti-mouse IgM-bound Protein A beads at 4°C for 2 h. The beads were heated at 100°C for 3 min in SDS-PAGE sample buffer containing 2-mercaptoethanol. The samples were then electrophoresed on 7.5% SDS-polyacrylamide gels and transferred to an Immobilon-P membrane (Amicon Millipore, Bedford, MA). The blots were soaked with skim milk containing normal rabbit serum, and then incubated with primary antibody overnight at 4°C. The blots were treated with rabbit anti-mouse Ab conjugated to HRP and developed using the Enhanced Chemiluminescence (ECL) Detection System (Amersham, Arlington Heights, IL).
Surface biotinylation
Cell surfaces were labeled with S-NHS-biotin according to the manufacturer's instructions with minor modifications. In brief, suspended cells were pelleted and resuspended to 10 7 cells/ml in PBS, pH 8.0. The suspensions were shaken gently with S-NHS-biotin (600 µg/ml) for 30 min at 4°C and the cells were then washed 4 times with cold PBS and lysed with 1 ml of lysis buffer by incubating on ice for 30 min. Insoluble materials were removed by centrifugation at 14,000 g for 20 min. The supernatants were incubated sequentially (2 h, 4°C for each incubation) with primary antibodies, secondary antibodies and Protein A-Sepharose. The immune complexes were washed 5 times with lysis buffer and eluted by boiling for 3 min in SDS-PAGE sample buffer. Proteins were separated on a 7.5% SDS-polyacrylamide gel under reducing conditions and transferred to an Immobilon-P membrane. Bands were visualized with avidin-conjugated HRP using an ECL detection system.
Stimulation by 1C6 or 2E12-G7. PBMC (2ϫ10 6 cells) were pre-incubated on ice for 30 min with 40 µl of 100 µg/ml 1C6 F(abЈ) 2 or 2E12-G7. After washing with cold PBS, the cells were incubated with 25 µl of 100 µg/ ml anti-mouse Ig F(abЈ) 2 at 37°C for specified times. Then, 25 µl of SDS-PAGE sample buffer containing 2-mercaptoethanol were added to the cell suspension. After sonication, samples were subjected to electrophoresis on a 12.5% SDSpolyacrylamide gel. The proteins were transferred to an Immobilon-P membrane and immunoblotted with HRP-conjugated anti-phosphotyrosine, PY20. Detection was performed using an ECL detection system.
In vitro phosphorylation.
1C6-bound beads or 2E12-G7-bound beads, and isotypematched controls of 401-bound beads or Ko-bound beads were incubated with 1 ml of MT-2 lysates (10 7 cells/ml lysis buffer) with occasional mixing at 4°C for 2 h. The beads were then washed 5 times with lysis buffer and once with kinase buffer (50 mM HEPES buffer, pH 7.5, containing 10 mM MgCl 2 , 100 µM MnCl 2 and 150 mM NaCl). Following this, they were incubated with a mixture of 17 µl of kinase buffer, 1.5 µl of 20 µM ATP and 1 µl (10 µCi/370 kBq) of [γ 32 P]ATP (Amersham) at room temperature for 5 min. After washing with lysis buffer 5 times, the beads were heated in 20 µl of SDS-PAGE sample buffer at 100°C for 3 min. The samples were analyzed on a 12.5% SDS-polyacrylamide gel under reducing conditions. Phosphorylated proteins on the dried gel were visualized by autoradiography.
Results
Expression of 2E12-G7 antigen on a variety of cells
We established five mAb (2E12-G7, 3H6, 5B10, 6E5 and 10E9) against DAF-associated proteins. Among these, clone 2E12-G7 recognized a Raji cell membrane surface antigen, as shown by cytofluorimetric analysis (Fig. 1) . Since we presumed that our expected transducer would be a transmembrane protein with both an extracellular and intracellular domain, we selected 2E12-G7 which is effective at recognizing membrane surface antigen. By means of immunoblotting with 1C6, we confirmed that 2E12-G7 does not cross-react with purified DAF (data not shown).
To determine the distribution range of 2E12-G7 antigen and DAF expression, we performed cytofluorimetric analysis on a variety of cell types. As shown in Table 1 , 2E12-G7 antigen was expressed by B cell lines (Raji, Ramos and JYm21.1) and T cell lines (MT-2, Jurkat and Molt3), but not by promyelomonocytic cell lines, THP-1 and U937, the basophilic cell line, KU812F, and the epithelial-like cell line, HeLa, which are all DAF-positive. Also, 2E12-G7 antigen was expressed on PBMC including CD14 ϩ monocytes.
Molecular size of 2E12-G7 antigen
To estimate the M r of the 2E12-G7 antigen, surface biotinylation of intact Raji cells was performed under mild conditions Gradings were made by cytofluorimetric analysis on the basis of three to five independent experiments; 'ϩ w ' indicates a weak positive.
followed by immunoprecipitation with mAb 2E12-G7. 2E12-G7 antigen was estimated to have a size of 43 kDa under reducing conditions ( Fig. 2A) . Cell surface biotinylation suggested that this antigen contains an extracellular domain, in accordance with the results of flow cytometry (Fig. 1) . In other experiment, immunoblotting analysis was performed using a crude membrane lysate of Raji cells and 2E12-G7 antigen was again recognized as having an M r of 43 kDa under reducing conditions (Fig. 2B) . In addition, 2E12-G7 antigens of Raji and MT-2 cells were partially purified by chromatography using two anion exchange resins (DEAE-Toyopearl 650S and Super Q Toyopearl 650S), and under reducing conditions, both exhibited an M r of 43 kDa size (Fig. 2C) . Thus, 2E12-G7 antigen can be characterized as having an M r of 43 kDa under reducing conditions and to be localized on the membrane surface.
2E12-G7 antigen is associated with DAF, but not with CD59
To confirm whether 2E12-G7 antigen is associated with DAF as well as with CD59, another GPI-anchored protein, 1C6 and 1F5 (anti-CD59) immunoprecipitates of Raji and MT-2 membrane lysates were analyzed by immunoblotting with 2E12-G7 (Fig. 3) . 1C6 immunoprecipitates of both Raji and MT-2 lysates were found to contain 43 kDa 2E12-G7 antigen. However, 1F5 immunoprecipitates did not. These results showed that 2E12-G7 antigen is associated with DAF, but not with CD59. Heavy bands were obtained at~50 kDa which were IgG heavy chains.
Induction of tyrosine phosphorylation via DAF molecules
In order to confirm whether a tyrosine phosphorylation is induced via DAF molecules, PBMC were stimulated with anti- (10 7 cells) were incubated with 600 µg/ml of S-NHS-biotin at 4°C for 30 min. Surfacebiotinylated cells were lysed with 1 ml of lysis buffer and immunoprecipitated with 2E12-G7 or isotype-matched control Ko. The samples were subjected to 7.5% SDS-PAGE under reducing conditions and transferred to an Immobilon-P membrane. Detection was performed with avidinconjugated HRP and ECL. (B) Crude lysates of Raji cells or (C) partially purified 2E12-G7 antigens from Raji (1 and 3) or MT-2 (2 and 4) cells were subjected to 10% SDS-PAGE, transferred to an Immobilon-P membrane and immunoblotted with 2E12-G7 or Ko. Bands were visualized with avidin-conjugated HRP and ECL (B), and biotin-conjugated anti-mouse IgM with an ABC kit (C). DAF mAb 1C6 and a second antibody, both of which were F(abЈ) 2 fragments. After a 5 min incubation, tyrosine phosphorylation signals at 45, 72, 74 and~100 kDa were enhanced, as shown by staining with the monoclonal anti-phosphotyrosine PY20 (Fig. 4) . These signals peaked in intensity at 15 min and thereafter gradually weakened, but again increased in intensity at 60 min. Thus, cross-linked 1C6 induced tyrosine phosphorylation in PBMC, in accordance with a previous report (14) .
2E12-G7 induces the same tyrosine phosphorylation pattern as seen with 1C6
To determine whether stimulation via 2E12-G7 antigen occurs as DAF stimulation, we compared tyrosine phosphorylation patterns obtained with 1C6 (anti-DAF mAb) and 2E12-G7 PBMC treatment. When PBMC were stimulated with 1C6 [F(abЈ) 2 fragment] followed by cross-linking with anti-mouse Ig [F(abЈ) 2 fragment], 72, 78 and 100 kDa bands consisting of tyrosine phosphorylated proteins were observed in whole lysates (Fig. 5) . Similarly, addition of 2E12-G7 followed by a second antibody-induced tyrosine phosphorylation of 72, 78 and~100 kDa proteins. Thus, both 1C6 and 2E12-G7 induced tyrosine phosphorylation of the same sizes of proteins.
2E12-G7 antigen complex and DAF complex give rise to the same in vitro phosphorylation pattern To test whether kinase activity is involved in 2E12-G7 antigen and DAF complexes, and whether these complexes are identical, we compared in vitro phosphorylation patterns of 2E12-G7 antigen and DAF complexes in MT-2 cells. After 2E12-G7 antigen complexes or DAF complexes were immobilized on 2E12-G7-conjugated beads or on 1C6-conjugated beads respectively, they were incubated with [γ-32 P]ATP in the presence of Mg 2ϩ and Mn 2ϩ . The phosphorylated proteins obtained were mainly 26, 32 and 62 kDa in size, and no clear 43 kDa band corresponding to the 2E12-G7 antigen was observed (Fig. 6) . Judging from the sizes of these proteins, 2E12-G7 antigen itself was not phosphorylated. These results suggest that kinase and its substrates are similarly involved in both the 2E12-G7 antigen and DAF complexes. Thus, the results show that these complexes possess signal transducing ability and both are presumed to be identical.
Discussion
By means of cytofluorimetric analysis and surface biotinylation, we showed that at least part of the 2E12-G7 antigen domains are extracellular and that the antigen associates with DAF, but not with CD59. This antigen was broadly expressed on lymphocytes and myeloid cells, although some DAFpositive cell lines were 2E12-G7-negative. mAb 2E12-G7 induced phosphorylation in MT-2 and PBMC proteins. Furthermore, 2E12-G7 antigen was associated with some other proteins which were phosphorylated in vitro on the 2E12-G7 beads. This indicates that DAF and 2E12-G7 antigen form a large signal transduction complex containing phosphorylated proteins in which kinase and its substrates must be involved. 2E12-G7 antigen might possess a kinase activity/domain, although the antigen itself was not phosphorylated, judging from the size of the phosphorylated proteins.
We purified DAF-associated proteins using 1C6 (anti-DAF)-coupled affinity beads. In addition, we harvested 70-100 kDa proteins fractionated by preparative SDS-PAGE (under nonreducing conditions) from proteins adsorbed on the 1C6 column. Our aim was to isolate the~80 kDa protein which was reported by Stefanova et al. to be phosphorylated (12) . We then used these 70-100 kDa proteins for immunization and obtained mAb 2E12-G7 which recognizes a 43 kDa cell surface antigen which is likely to be easily aggregated. This anti-DAF column-adsorbed fraction contained several proteins in addition to DAF and 2E12-G7 antigen. The Nterminal amino acids of one of these, an~22 kDa protein, was determined. The analysis revealed that this protein was cyclophylline (21 N-terminal residues were completely matched, data not shown). Since some amount of 22 kDa cyclophylline was always extracted together with 2E12-G7 antigen, this 22 kDa protein might play an important role in a down-stream in this signaling pathway.
At the beginning of this study, we presumed that there is a universal/ubiquitous signal transducer which is associated with all GPI-anchored proteins. Recently, however, there have been reports that several GPI-anchored proteins, CD14, CD16, CD87 and Thy-1, are associated with CD11c/CD18 (20) , CR3 α chain (CD11b) (21), CD18 (22) and a novel protein, p100 (23) respectively. In another report, minor populations of CD48, CD59 and Thy-1 molecules were found to be associated with hetrotrimeric G protein α subunits (28) . Judging from these reports, all GPI-anchored proteins may not necessarily use the same signal transducer. Our observation that DAF is associated with the 43 kDa 2E12-G7 antigen supports the above concept.
It is likely that one signal transducer might be utilized for several kinds of GPI-anchored proteins, depending on their physiological roles. We were able to group GPI-anchored proteins into several categories according to their associated signal transducer. For example, one group uses β 2 -integrin as a signal transducer. Since it was proposed that caveolin is a signal transducer for GPI-anchored proteins (26), we examined its expression on Raji cells in order to exclude its involvement in signal transduction. As expected, results showed that the Raji cells used do not express caveolin. Furthermore, caveolin was not present among DAF-associated proteins (data not shown). Indeed, it has been shown that lymphocytes do not express caveolin (29) . Although caveolin is expressed on HeLa cells, flow cytometry of these cells failed to reveal 2E12-G7 antigen. It is likely that the signaling pathway of 2E12-G7 antigen is different from the caveolin pathway and that 2E12-G7 antigen is not involved in the latter. Moreover, it was shown that a small percentage (5-10%) of GPI-anchored proteins (CD48, CD59 and Thy-1) is associated with heterotrimeric G protein α subunits (28) . These investigators suggested that an interaction between the alkylacyl glycerol moiety of the GPI-anchored protein, and the myristic and palmitic acids attached to the src kinases (or neighboring lipids) contributed to their association. Since our 2E12-G7 antigen does not associate with CD59, it would not be a G protein α subunit. Therefore, it is possible that this antigen is a novel type of GPI-anchored protein-associated signal transducer.
We observed phosphorylation signals of the same sizes of proteins by 1C6 as those by 2E12-G7 (Fig. 5) . These results suggest that DAF and 2E12-G7 antigen make use of the same signaling pathway. However, the two types of stimulation differ in the response time leading to tyrosine phosphorylation; phosphorylation by 2E12-G7 is more rapid than by 1C6. One explanation would be that 2E12-G7 antigen is located downstream of the DAF molecule in this signaling pathway.
It has been shown that the src family of tyrosine kinases (53/56 lyn , 59 fyn and 56 lck ) are involved in the GPI-anchored protein signal transduction pathway (12, 14, 18, 19) . However, we were unable to detect bands which corresponded to any of these kinases (Fig. 5) . The reason for this failure to demonstrate clear phosphorylation signals of this family tyrosine kinase(s) may be due to solublization problems since the GPI-anchored protein forming complex is Triton X-100 insoluble and is probably not easily solubilized with NP-40 (29) .
2E12-G7 antigen itself seemed not to be clearly phosphorylated but was associated with other molecules which were phosphorylated in vitro and probably located downstream in the signal transduction pathway. Judging from the time required for phosphorylation after stimulation with 1C6 or 2E12-G7, DAF-associated 2E12-G7 antigen would be located immediately downstream of the DAF molecule in this signal transduction pathway.
Although 2E12-G7 antigen is broadly expressed on a variety of cells, a certain population of PBMC cells is 2E12-G7 antigen negative. The promyelomonocytic lines U937 and THP-1 are negative for this antigen although peripheral monocytes are positive. This suggests that cells undergo stage-specific expression of 2E12-G7 antigen. Interestingly, DAF-expressing cells do not always express 2E12-G7 antigen nor do they always have signal transducing capacity (e.g. THP-1 cells). This suggests that DAF signal transduction is dependent on 2E12-G7 antigen expression. We would like to stress the relevance of 2E12-G7 antigen expression in the signal transduction of DAF molecules and possibly in that of other GPIanchored proteins as well.
In conclusion, the cell surface protein 2E12-G7 antigen is thought to transduce signals from DAF to cytoplasmic molecules by associations which occur at some point in the DAF signal transduction pathway. We are presently cloning 2E12-G7 antigen and will be able to determine whether it consists of extracellular, transmembrane, and intracellular domains which include a kinase. PBMC peripheral blood mononuclear cells PE phycoerythrin
